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V - l \ 3. Deportment(s) -where research wilt be done or collaboration provided: 

v ^Environmental Medicine 
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* ’ • ■ ,4. Short title of study: 

, -e-Ai;V^-W> Chemical and Viral Factors 1 in the Etiology of Neoplastic 
I. '.Mb'* Transformation- 


i; Transformation- 


7. Btfef description of specific research aims,* . - - . 

^J* a * .To examine in mammalian cell culture systems the possible 
/cooperative and synergistic effects of sequential exposure 
Jr'ii two different classes of carcinogens by: ; . x'.‘‘ 


. 7-a.l. Measuring the effects of prior treatment of mammalian cells 
with' chemical carcinogens, cocarcinogens or mutagens on 
subsequent neoplastic transformation by representatives of 
'* '*'■"; the 3 major known classes of oncogenic viruses. 


7.a.2. Determining whether mammalian cells infected with these 
oncogenic viruses show, enhanced expression of neoplastic 
transformation after treatment with chemical carcinogens r ■ 
cocarcinogens or mutagens. 


7.b. To determine whether the effects of the chemicals are due to 
alterations of the host cell DNA. 


.* -f".’ 


.. * ^ x \.> 
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• jiviuenue rroiu a variety or sources suggests tnat certs nearing 
certain types of genetic lesions are more susceptible than normal cells '$(*>%■ 
^f5to additional DNA damage induced by chemicals or viruses, often result- 
\ ; r ’ ing neoplastic transformation (G.J. Todaro, H. Green and M.R. Swift, 

Science, 153 ; 1252, 1966; S.A. Aaronson and G.J. Todaro, Virology, 36 : 

254, 1968; R.L. O'Brian et al. , Intern. J. Cancer, 8 : 202, 1971). 

...Thus, the exposure of cells in culture to carcinogenic chemicals ' 
•$j$f 4 an& oncogenic viruses should provide an example for study of the in- 
creased carcinogenic risk from multiple exposures to different classes 
^t.of etiologic agents that are potentially present in the environment. 

*l£££The prior treatment of cell populations with chemical carcinogens or 

mutagens is expected to result in a marked enhancement of the frequency ; - 

•%rV.of neoplastic transformation by subsequent exposure to oncogenic viruses. 

.. Similarly, the reversal of the sequence, i.e. the treatment of cells al- Y.Y 
ready infected by oncogenic viruses with appropriate chemical agents, • 
especially cocarcinogens, should also yield increased transformation ■ 
.^^frequencies. Finally, some of these effects can be associated with . 

demonstrable increases in damage to the host cell DNA. • ' •. • v'V-. 

... 9 . Details of experimental design and procedures (append extra pages as necessary) ' ‘Y " 

- y 9.a. Chemicals - Carcinogens of several chemical classes, will be 
• 'used. All agents will be recrystallized or redistilled to en- ' v ' 
sure their purity. Compounds to be used will be selected from 
7 "-- ; the following list: ■ • » 

9.a. 1.. Carcinogens (demonstrated as mutagens in various organisms) . •••: ", 

7 ( 12-Dimethylbenz (a):anthracene; benzo (a)pyrene; diepoxybutane; . ! .'Y 
bis(chloromethylether); N-acetoxy-2-filuorenyl acetamide; N- *-v ,; : -- 

• . • methylrN'.-nitro-N w nitrosoguanidine;. 4.-nitroquinoline-N-oxide; .. 

, , v .Mr*#? aflatoxin B^. "■ • * ’* . '• * \ [.M/-?! 


'Mfi-i ?. 9. a. 2. Cocarcinogens 
-shs ...... .■ =rt——T—n —- 


■ , ' ■ ■ - ;• r AV - ••iV. :r‘/0- »*! f '>. J V 

£ _ 1.1 __ 


• a.; 


Phorbol myristate acetate? anthralin; cigarette smoke con- 
densate. _ " "... • , “ -. . 

3. ' Mutagens not known to be carcinogens * ! vO'‘. 

Tl-Khvl anp. snl fnna^! rri ■h’rnrrp.n nines-hs/rfl • i rl i um bromide; . 'TZ-P 


. r. y *’Ethylmethane sulfonate? nitrogen mustard; ethidium bromide? 

4. Noncarcinogens • ' v 

Benzo (e) pyrene; 1,2,3,4-diepoxy cyclohexane '' r 

Biological Systems ' C/l 


BALB/c-3T3 Cells + SV 40 Virus 

This transformation assay will be carried out essentially ■ ■ 

as described by Todaro and Green (Proc. Nat. Acad. Sci. , 55 : 

302, 1966; Virology, 28_: 756 , 1966) and' adapted for BALB/c- 
3T3 cells (S.A. Aaronson and G.J'. Todaro, J. Cell. Physiol., 

72: 141, 1968). Logarithmically growing cell populations 
will be exposed to the chemical agents to be tested for in- ' 

tervals up to 48 hours. The concentrations of the.chemicals 
will be selected 1 so that the highest doses result in no more ..Y..r 
than a 90% reduction in plating efficiency of BALB/c-3T3 - v ; : 

cells. Following treatment witd* chemical agents, the cultures -.j. 
will be washed and incubated for an additional 24 hours in ‘ 

control medium. The cells will be infected with SV 40 and the 
population passaged at several cell densities. Transformed 
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clones will be scored in 10-14 days, and the enhancement 
7 of transformation by chemical plus virus treatment over 
that observed with chemical or virus alone will be de¬ 
termined. 

To examine whether chemical agents can influence the 
7 • outcome of viral transformation, growing cells will be • 

■r infected with SV 40 / and these cells will be exposed to 
chemical agents 24 hours after virus infection. Carcino- 
' gens and mutagens will be added to cultures for periods 
up to 48 hours at concentrations as described above. Co- 
' ; carcinogens will be used throughout the entire interval 
of cell growth until the plates are stained for scoring of 
•..•'• transformed clones. •■ 

'.. ’ Our recent work with early passage rat embryo fibro¬ 
id' blasts and alkylating agent carcinogens, such as diepoxy¬ 
butane, indicates that early chromosomal lesions occur 
'..V as a result of such treatment (S.R. Wolman, A. Sivak and 
, . M.LaRocca, Proc. Am. Assoc. Cancer Res., 1£: 38, 1973). 

Exploratory studies with: a few selected chemicals and SV 4 Q. 
transformation will be carried out with these rat cells 
7 derived from Fisher 344 rat embryos. 

Transformed clones from BALB/c-3T3 and Fisher 344 rat 
cell studies will be picked and tested for oncogenicity 
by injection of cells subcutaneously into newborn litter- 
mates . 

2. BALB/c-3T3 Cells + Mouse Sarcoma Virus (MSV) 

The focus assay system described by O'Connor (Perspec¬ 
tive in Leukemia, p. 64, 1968, Grune and Stratton, N.Y.) 
will be employed with BALB/c-3T3 cells and fully competent 
.-7 7 MSV. The cultures of BALB/c-3T3 cells will be prepared 
.7'. (4 x 10 s cells/50 cm dish) in Dulbecco's modification of . 

. Eagle’s medium with 10 percent fetal calf serum. After 
18-20 hours, the plates are drained and virus incubation 
carried out according to O'Connor. The treatment of 
cultures with chemicals prior to and after viral infection 
will be carried out according to the protocol described 
in 9.b.l. Cultures pretreated with chemical agents for 24 
or 48 hours will be adjusted in cell number at the time of 
passage so that, at the time of virus inoculation, the 
plates will contain approximately 4 x 10 5 cells. 

Foci of transformed cells will be counted 6-8 days 
after introduction of virus into the cultures. 


Li sy.iu; 
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-'ll 1 ''Since'Freeman and his associates (Proc. Nat.’ Acad." 'Sci.V'' ! ?^^^^ : 

• &:, T 4£5,-i971? 'Jr'^Nat. "Cancer lnst. T 44': ^(S5 , T 1970T are en- 

• qaaed in the examination of the effects of chemical car- &?&$$$&&£ 


, }:SX~- £$r'J 






gaged in the examination of the effects of chemical car 
. cinogens on rat cells chronically infected with Rauscher 
leukemia'virus (F115 line) , no significant effort with this 
^ system is planned. However, it appears useful to test a 
few selected compounds in both RNA virus systems. Of 
M ,*specialinterest would be a .determination of the effects'*of J 







9.b. 3. 


Embryo 


Type 
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w,. v_ A procedure for the demonstration of transformation by 
vlv HSV has ba^n„reported;^by Duff..and, Rapp (J. Virol., r , 8 ; 469, 
^[1971) and will serve as a model "for these studies. This 
system, in contrast to the transformation of BALB/C-3T3 
■Z cells by SV 40 or MSV, requires virus inactivated for its . . 
cytopathic effect but retaining oncogenic potential. 

Primary hamster embryo cultures from inbred hamsters ; .'J 
d. will be prepared according to standard procedures used in 
this laboratory (A. SivaJc and B.L. Van Duuren, Exptl. Cell. 
> v Res., 49 : 572, 1968). Secondary cultures will be prepared 
in Bulbecco's modification of Eagle's medium. The. cell 
layers will be exposed to UV-irradiated HSV, and the cells 
propagated according to Duff and Rapp, except that plastic 
. Petri dishes will be used throughout. 
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— Treatment' of cultures with chemicals will be as de¬ 
scribed in 9 .b.l. except that post-infection treatment with 






carcinogens may not extend to the 3-4 weeks required for 
demonstration of transformed clones. 

•/^V'.’.Represehtive brnnsformed clones will be picked,•' 
prorogated" and tested" for‘ malignancy''in'newborn' , hamstefs. mm 
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.c. Assessment of Genetic Lesions 

9.c.l. Cytogenetic Studies .••••■' 

L ” '’The' cell populations employed in this study will be ex¬ 
amined for chromosomal alterations after treatment with the 
various chemicals. .— 
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. . ^• e 1 l^L. cultures jeLI^ be harvesited 24 or. 48„._hou^. t ?ifteE,.<.. . V 

passage or" renewal- *o£ *€he rtiedium to maximize the'popula- • 
ijlon ojf ,dividing cells. . After a S .hour exposure to .Velban 
J(0.1' yg/ml) , the cells . will be harvested by trypsinzation, 
swelled in 0.38%' RCi,_£ixed in Carnoy's solution and air-.;. 

; ; .dried on slides." -: 5 r iSv^fe 

^%V-'P®li&;,in..metaphase 'from ^ach^.pirep^atipn v^ill-be ,ex&- of * 

• amihed”.after 1 " staining’"with acetoorcein. .j^Bienever possible 
"at least'50 cells per" culture will be counted and analyzed. 
.(Slides are scanned at -1 OX, and cells which are deemed"'*/- 
suitable are analyzed under oil immersion'(10OX) and, if " 
necessary, photographed and karyotyped). -Metaphase cells 
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/figures will be recorded. Other features affecting the 
whole of the nuclear material such as pulverization or •■•■:*■ 

7centromeric splitting will also be recorded. In accordance 
with the Cytogenetic Standardization Commission of the 
Environment Mutagen Society, an achromatic area more than a 
.chromatid width will be scored as a break. '..Results will..be 
tabulated in terms of the number of aberrations per cell in 
each population and the percentage of aberrant cells per 
population.. (*Gaps, although recorded will not be included 
as aberrations). • A' . ' 


9.C.2. Biochemical Studies 



-To .analyze ^for, chemically-induced..genetic lesions,, at the ■ 

molecular level, alkaline sucrose gradient analysis will be 
performed'on H 3 -thymidine labeled DNA from treated cells. • 
This procedure is a sensitive assay for single strand breaks 
in DNA. Cells will be exposed to H 3 7 thymidine for 2 genera- 
tions, and -the- cell -density- will be adjusted to be identical ■..% 
to the conditions for the chemical + virus studies. After Mal¬ 
treatment of the labeled cells with chemical at doses and for 
times used in the transformation assays, the cells will be 
harvested mechanically (A. Sivak, F. Ray and B.L. Van Duuren, 
Cancer Res., 29: 624’, 1969). Aliquots of washed cell sus¬ 
pensions will be placed on gradients of alkaline sucrose and 
the DNA sedimented ,.(R.A. McGrath^and R.W. Williams, Nature, 
212: 534, 1966? J.T. Lett, et al. , Nature, 214: 790, 1967). • 
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■ The gradients will be fractionated by a Buchler Densi-Flow- 
... Gradient Sampler,-and the radioactivity determined as 

trichloroacetic acid precipitates collected on Whatman -wh, 
' GF-1 glass fiber filters. ... -v .... . ix 

This procedure together with the. cytogenetic analysis ;■ 
... will-provide evidence as-to whether chemical ■ carcinogens ;r ‘ 
influence "viral -transformation of mammalian'dells because 
of a direct effect on' the genetic -material. - ■ ; ; 
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10. Space and fadlities available (when elsewhere than item 2 indicates, state location): 



C - The work will be carried out at the A.J. Lanza Laboratories of 
' the Institute of Environmental Medicine,"Long Meadow Road, Tuxedo, 

..;. , New York in a laboratory outfitted for tissue culture and bio- 
' chemical 'studies•' ^For tissue'culture several incubators, -sterile 
'box and water-bath are available. Spec tropho tome trie, analyses 
will be carried-out using either Cary or Hitachi UV-visible . 
■'^■'/spectrophotometers; infrared analyses will be performed on Perkin 
Elmer infrared spectrophotometers. Clinical (International) and / 
high speed (Soirvall SS^l) -centrifuges are available--for- cell -- ys'xfe 
fractionation. Gilson' Linear- Fractionator with an. Ultraviolet 
. Absorption- Meter will be used to "collect"the'gradients.'1 There, is 
; .access to" a Model‘L2-Spinco centrifuge, a Nuclear-Chicago Mark I 
liquid scintillation spectrometer and a walk-in cold room. - 

. 5 - Microscopy will be performed using a Nikon Model M inverted micro- 
■ scope with a Sage Instruments, Inc., Model 500 cinephotomicro- 

graphic apparatus. Animal facilities exceed the requirements set 
forth by the Institute of Laboratory Clinical Resources. 






, y iyf\. 


‘ ' i - r ‘ *- 

r 

V ’ ,2.x* 




12. Biographical sketches of investigator(s) and other professional personnel (append): 


o 

o 

GJ 

•w 


13. Publications: (five most recent and pertinent of investigators); append' list, and provide reprints if available). 
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'>■*•*■• •,'-' Major Research Interest ; - • - Mechanisms of -Carcinogenesis '• \-:~XS,%CZ 
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c ,p Research Experience f . f r . wC ___ 

. . ... Rutgers University, Deparfapent of Bacteriology, Research 

bellow - In_ vitro cultivation of Trypanosoma lew-isi and effect 
of antibiotics on T. lewisi in the rat and in vitro. 1956- 
1957- “ T ,- . . . ... 

•'•■ Rutgers University, Institute of Microbiology, Research Fellow 

• Tracer and inhibitor studies leading: to a partial elucidation 
■ of the route of biosynthesis of actinomycin and studies of 

• the pathways of‘ tryptophan metabolism in Streptomyces 

' antibioticus. 1957-196-0 

Organisch-Chemisches Institute, University of Vienna, Austria. 
Post-Doctoral Fellow - Studied pathway- of inositol catabolism 
• ; •in Schwanniomyces occidentalIs and the inducible enzyme which 
was responsible for the first oxidative step. ..1960-1961 

A.D. Little, Inc., Cambridge, Mass., Senior Biochemist - 
Devised analytical methods for the estimation of experimental 
cancer chemotherapeutic agents. Physiological distribution 
ftp/ and toxicity studies of these agents in mice, rats, dogs, and 
-• monkeys. Mode of anti-tumor activity studies in mice bearing 
ascitic leukemia and in in vitro systems derived from these 
neoplasms. 1961-1963 - 

Biodynamics, Inc., East Millstone, N.J., Director of Research 
for a consulting laboratory in the biological sciences. 
Scientific direction of biological and biochemical work deal¬ 
ing with studies in microbiology, physiology, biochemistry 
and toxicology. 1963-1964 
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N.Y.U 1 . Medical Center, Institute of Environmental Medicine. 
Associate.Research Scientist, 1964-1968; Assistant Professor,’ 
1968-1971; Associate Professor, 1971 - Study of cell'membrane 
and control of cell division; mechanisms of tumor promotion 
in - cell culture and animal systems; tumor promoting proper- 
ties of cigarette tar; .neoplastic transformation in cell : . r; „ •' 
.culture systems; cytogenetic studies with chemical carcinogens 
and chromosome structure.. _ "• . ' y 

v'lPit. • ivC J ra‘-.-y .- . .• „■ 

OBief"Experience 1 


' y • . x\ 


1952' -"'1955 
1959 


U.S. Navy, Commissioned Officer. 

Oak Ridge Institute of Nuclear Studies. - 
Isotopes techniques training. 


Education 

*'■■■». A--, ■ ■- '* ■ 'j • _ • ' 

., m* 

*• ■ * ”v‘ C •* .* . 

B.S. 

M.S. 

Ph.p_. w 

Rutg.ers Oniv. , New Brunswick, N>.J. 
Rutgers Univ. , New Brunswick, N.J. 
Rutgers Univ.., New Brunswick, N-.J. 

195 2 
1957 
.. i960 . 

Biology 
Bacteriology 
Microbiol. - 
;..7 . Biochem. 

U.’S.P.H.S. 

Post-Doct. Fellow 
Organisch-Chemisches Inst., 

Univ. of Vienna, Austria 

1960- 

1961 
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$Z ~S iv ak 'and' B. L. 
transformation: v 
ester'.” Science', “ 

A..Sivak and B.L. 
the assessment of 
Cancer Inst., 44 : 


Van Duuren, 'Phenotypic 'expression of. 
Induction in cell culture by a phorbol 
157 : 1443-1444 (1967). 

r.- ; •• • 

Van Duuren, A cell culture system for 


tumor-promoting activity. J. Nat. 
1091-1097 (1970). . 



A. Sivak and B.L. Van Duuren, Cellular interactions of 
phorbol myristate acetate in tumor promotion. Chem.- 
Biol. Interactions, 3: 401-411 (1971). 


A. Sivak and S.R. Wolman, Classification of cell types: 
Agglutination and chromosomal properties. In Vitro, 8^: 

1-6 (1972) . .. x’r'V.; •• 

A. Sivak, Induction of cell division. Role of cell 
membrane sites. J. Cell. Physiol., 80: 167-174 (1972). 
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